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[Claims] 

1. A lithium battery comprising electrodes mainly 
composed of an active material capable of electrochemically 
releasing/absorbing lithium ion as positive and negative 
electrodes and an electrolyte containing a fluorine 
compound, characterized in that there is contained a 
material comprising at least one of nitrogen, phosphorus 
and sulfur atoms having a lone pair of electrons, 

2. A lithium battery comprising electrodes mainly 
composed of an active material capable of electrochemically 
releasing/absorbing lithium ion as positive and negative 
electrodes and an electrolyte having a lithium salt 
containing a -fluorine compound dissolved therein, 
characterized in that there is contained a material 
comprising at least one of nitrogen, phosphorus and sulfur 
atoms having a lone pair of electrons. 

3. The lithium battery as defined in Claim 2, 
wherein said lithium salt is lithium hexaf luorophosphate . 

- - ..A. _ The lithium battery as defined in any one of 
Claims 1 to 3, wherein said material having a lone pair of 
electrons is an amine. 

5. The lithium battery as defined in Claim 4, 
wherein the added amount of said amine is equal to or less 
than that of said lithium salt as calculated in terms of 
molar weight. 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Filed of Application] 

The present invention relates to a lithium battery. 
More particularly, the present invention relates to a 
lithium secondary battery. The present invention further 
relates to an improvement in the cycle life performance of 
lithium secondary battery. 
[0002] 
[Prior Art] 

The recent trend in microelectronics is for more 
.batteries to be incorporated in electric devices and 
integrated to electronic elements and circuits as in memory 
backup power source for various electronic equipment. 
Under these circumstances, batteries having a smaller size, 
a lighter weight, a smaller thickness and a higher energy 
density have been keenly desired. In recent years, 
batteries having a small size and a light weight such as 



lithium battery have been put into practical use in the art 
of primary battery. However, the field to which these 
batteries can be applied is limited. 
[0003] 

As a battery which can substitute for the 
conventional lead battery and nickel-cadmium battery there 
has been more noted a secondary battery comprising a non- 
aqueous electrolytic solution allowing further reduction of 
size and weight. In order to provide the secondary battery 
with further improvement in practical performance such as 
cycle life performance and self -discharge performance, the 
secondary battery is under study by many research 
institutions . 
[0004] 

Referring to the mounting of battery on substrate or 
device, a battery shape such as cylinder and button is not 
effective in respect to the reduction of percent 
utilization of space in electronic equipment. Thus, a 
battery has heretofore been an important factor restricting 
the design of electronic equipment. A thin film-shaped 
battery has been noted in that the dead space in electronic 
equipment can be effectively utilized, the shape of battery 
can be arbitrarily determined and the design of electronic 
equipment is no longer restricted by the battery. 
[0005] 

In the production of a thin film-shaped battery, the 
use of a solid polymer electrolyte makes it possible to 



eliminate the step of injecting electrolyte in the battery 
and hence drastically simplify the production procedure. 
[00061 

Referring to the electrode material for secondary 
battery, there is effectively used a carbon-based material 
as a negative electrode from the standpoint of safety, high 
rate performance and cycle reversibility. Such a carbon- 
based material has been already on the market. In order to 
make the full use of the performance of such a carbon-based 
material, various electrolyte compositions have been 
studied. Referring to a lithium salt, there has been noted 
lithium hexaf luorophosphate as a material causing little 
problem in toxicity and safety. However, since this 
material is extremely unstable when subjected to 
environmental exposure, .techniques for enhancing the purity 
of this material and preventing the contamination of this 
material by water have been considered important. 
[0007] 

[Problems that the Invention is to Solve] 

The production of a thin film-shaped battery requires 
no _ electrolyte injecting step but requires that the solid 
polymer electrolyte be handled as a sheet. This means that 
a material containing a lithium salt flows on the 
production line. When the foregoing material unstable to 
environmental exposure is used, such a process acts as a 
disadvantage. In other words, a material containing a 
fluorine compound can easily produce hydrogen fluoride when 



mixed with, e.g., water. Hydrogen fluoride thus produced 
then reacts with lithium ion, which is an active material 
in a battery system, to form LiF, which is an inactive 
material. For example, lithium hexaf luorophosphate follows 
the reaction formula (1): 

LiPF 6 + H 2 0 -» PF 5 + LiOH + HF (1) 

[0008] 

This problem becomes remarkably particularly in the 
case of a battery system comprising an intercalation or 
insertion type electrode both as positive and negative 
electrodes. In other words, unlike a battery system 
comprising electrodes one of which is allowed to have 
excess active material as in metallic lithium, such a 
battery system is limited in the total amount of lithium to 
be contained in the positive and negative electrodes. When 
the total amount of lithium to be contained in the positive 
and negative electrodes deviates from the defined value, it 
has a great direct effect on the charge and discharge 
performance of the battery. 
[0009] 

. . . _ Further, when as the polymer to be used in the solid 
polymer electrolyte or the solvent to be used in the 
electrolytic solution there is used a material containing 
fluorine atom, the following reaction occurs to . remove 
hydrogen atom from this material, occasionally producing 
hydrogen fluoride . 

LiPF 6 + -H — » PF 6 -> -Li + HF (2) 



[0010] 

By way of example, an acrylate-terminated group which 
is relatively often used in the crosslinking of a polymer 
by curing by heat or irradiation with light or electron ray 
has an easily removable hydrogen atom. The foregoing 
description has been made with reference to the case where 
the lithium salt has fluorine atom. When the polymer has 
fluorine atom, fluorine atom which has been removed from 
the polymer can cause the production of hydrogen fluoride. 
[0011] 

Hydrogen fluoride produced by these reactions is 
bonded to lithium ion, which is an active material, during 
charge and discharge to cause the lowering of battery 
capacity. 
[0012] 

[Means for Solving the Problems] 

In order to accomplish the foregoing object, the 
present invention lies in a lithium battery comprising 
electrodes mainly composed of an active material capable of 
electrochemically releasing/absorbing lithium ion as 
po . siti : ve _ and negative electrodes and an electrolyte 
containing a fluorine compound, lithium battery comprising 
electrodes mainly composed of an active material capable of 
electrochemically releasing/absorbing lithium ion as 
positive and negative electrodes and an electrolyte having 
a lithium salt containing a fluorine compound dissolved 
therein, or battery comprising an electrolyte having 



lithium hexaf luorophosphate dissolved therein, 

characterized in that there is contained a material 
comprising at least one of nitrogen, phosphorus and sulfur 
atoms having a lone pair of electrons. The present 
invention also lies in the foregoing lithium battery 
wherein the material having a lone pair of electrons is an 
amine. The present invention further lies in the foregoing 
lithium battery wherein the added amount of the amine is 
equal to or less than that of the lithium salt, preferably 
not greater than 1/10 of that of the lithium salt as 
calculated in terms of molecular weight. The present 
invention further lies in the foregoing lithium battery 
wherein the material having a lone pair of electrons is a 
material containing a pyridine ring. The present invention 
further lies in the foregoing lithium battery wherein the 
material having a lone pair of electrons is a polyvinyl 
pyridine. The present invention further lies in the 
foregoing lithium battery wherein the electrolyte is a 
solid polymer electrolyte. 
[0013] 

The term "electrolyte" as used herein is meant to 
indicate an electrolytic solution or solid electrolyte 
having a lithium salt dissolved therein. 
[0014] 
[Action] 

When a material having a lone pair of electrons on 
nitrogen atom is present in a hydrogen fluoride-producing 



environment, the following reaction occurs to cause 
hydrogen fluoride to be immediately trapped and become 
incapable of attacking lithium ion. Thus, the foregoing 
mechanism follows to prevent the deterioration of lithium 
battery. 

HF + -N : — > -NH-F 

[0015] 

Examples of the material having a lone pair of 
electrons on nitrogen, phosphorus or sulfur atom include 
triethylamine, polyvinyl pyridine, triethyl phosphine, 
triphenyl phosphine, and diethyl sulfide. However, the 
present invention is not limited to these materials. All 
these materials have strong electron donating properties 
and thus have a strong action of trapping hydrogen fluoride 
according to the foregoing, chemical formula. 
[0016] 

This action becomes remarkable particularly in the 
case where the lithium salt is LiPF 6 - This action can 
apply to the case wherein LiBF 4 , LiCF 3 S0 3 , LiN (CF 3 S0 2 ) 2 or 
the like is used as a lithium salt or in the case where 
_ tetraf luoroethylene, Nafion or the like is used as a 
polymer constituting the binder or solid polymer 
electrolyte. Alternatively, a material having a lone pair 
of electrons may be used as an electrode binder. 
[0017] 

Referring to amine by way of example, the number of 
nitrogen atoms to be contained in the amine doesn't need to 



exceed the maximum amount of free fluorine which is 
possibly produced. The addition of a large amount of amine 
rather causes the lowering of charge and discharge 
efficiency of electrode and the corrosion of current 
collector, resulting in the reduction of battery life. 
Further, the decomposition of the entire lithium salt used 
is not possible in a low humidity atmosphere which is used 
in the actual production process. An extremely part of 
lithium salt contributes to the foregoing reaction. Thus, 
even if the lithium salt is added in the equivalent weight, 
it is still excessive. 
[0018] 

How much the added amount of triethylamine can be 
reduced without impairing the desired effect depends also 
on the water content in the. atmosphere of production 
process. The inventors made an experiment on the added 
amount of triethylamine falling within the range of from 
1/100 to l/10of the molecular weight of lithium salt. As a 
result, it was found that triethylamine exerts sufficient 
effect when added in this range. No defectives due to 
excessive addition were found. When the added amount of 
triethylamine exceeds 1/10 of the molecular weight of 
lithium salt, the resulting cycle-capacity curve shows a 
slight deterioration. This is presumably attributed to the 
fact that excessive addition causes the initial efficiency 
of the negative active material. 
[0019] 



As previously mentioned, when the electrolyte is a 
solid polymer electrolyte, it is difficult to put the 
injection of electrolyte, i.e., introduction of lithium 
salt at the final step as in a liquid type battery. Thus, 
the effect of the invention can be more effectively exerted 
in this case. 

[0020] 

[Example] 

The present invention will be further described in 
the following examples. The atmosphere used in the 
experiments of the examples and comparative examples is air 
having a water content such that the dew point thereof is - 
20°C. This atmosphere is normally considered improper 
because this water content is too much for the assembly of 
lithium battery. 
[0021] 
(Example 1) 

A 3 : 1 (by weight) mixture of an electrolyte having 
1 mol/1 of LiPF 6 dissolved in y-butyrolactone and a 
polyethylene oxide diacrylate having a weight-average 
molecular weight of 1,000 was prepared. The mixture will 
be hereinafter referred to as "monomer solution". A 10 : 1 
mixture of lithium cobalt oxide and carbon and the monomer 
solution having 0.02 mol/1 of triethylamine incorporated 
therein were then mixed at a weight ratio of 1 : 1 to make 
a paste. The paste was applied to an aluminum foil to a 
thickness of about 30 |im, and then irradiated with electron 



ray to obtain a positive electrode. 
[0022] 

The monomer solution having 0.02 mol/1 of 
triethylamine incorporated therein was applied to the 
positive electrode thus obtained to a thickness of about 30 
jam, and then irradiated with electron ray to form a 
separator layer thereon. 
[0023] 

A pitch-based carbon and the monomer solution having 
0.02 mol/1 of triethylamine were mixed at a weight ratio of 
1 : 1 to make a paste. The paste thus prepared was applied 
to a copper foil to a thickness of about 30 jam, and then 
irradiated with electron ray to obtain a negative electrode. 
The negative electrode thus obtained was then laminated 
with the positive electrode/separator two-layer formed 
material previously obtained. The laminate was then 
entirely sealed to prepare a film battery. The working 
area on the electrode was 33 cm 2 . 
[0024] 

This battery was then subjected to cycle test 
involving the repetition of charge and discharge between 
2.7 V and 4 . 3 V at a current density of 0.5 mA/cm 2 . The 
change of discharge capacity with cycle is shown on the 
curve (1) in Fig. 1. 
[0025] 
(Example 2) 

The same cycle test as mentioned above was made on a 



film battery prepared in the same manner as in Example 1 
except that the monomer solution having a 1 mmol/1 of a 
polyvinylpyridine having a weight-average molecular weight 
of 2,400 was prepared instead of the monomer solution 
having 0.02 mol/1 of triethylamine incorporated therein. 
The change of discharge capacity with cycle is shown on the 
curve (2) in Fig. 1. 
[0026] 

(Comparative example) 

The same cycle test as mentioned above was made on a 
film battery prepared in the same manner as in Example 1 
except that no triethylamine was incorporated in any 
portion. The change of discharge capacity with cycle is 
shown on the curve (3) in Fig. 1 . 
[0027] ....... 

[Effect of the Invention] 

As shown in Fig. 1, the batteries which has comprised 
a material having a lone pair of electrons incorporated in 
a starting material of solid electrolyte at the process of 
producing the solid polymer electrolyte exhibit an 
invariably high capacity against prolonged repetition of 
charge-discharge life cycle. Thus, the effect of the 
invention is great. In the invention, the kind of the 
electrode active material to be used in the positive and 
negative electrodes, the kind of the polymer material 
constituting the solid electrolyte, the content of lithium, 
and the battery size are not limited. 
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